Abstract The Melbourne high school Tay-Sachs disease (TSD) carrier screening program began in 1997. The aim of this study was to assess the outcomes of this screening program among those who had testing more than 5 years ago, to evaluate the long-term impact of screening. A questionnaire was used for data collection and consisted of validated scales and purposively designed questions. Questionnaires were sent to all carriers and two non-carriers for each carrier who were screened in the program between 1999 and 2005. Twentyfour out of 69 (34.8 %) carriers and 30/138 (21.7 %) noncarriers completed the questionnaire. Most participants (82 %) retained good knowledge of TSD and there was no evidence of a difference in knowledge between carriers and non-carriers. Most participants (83 %) were happy with the timing and setting of screening and thought that education and screening for TSD should be offered during high school. There was no difference between carriers and non-carriers in mean scores for the State Trait Anxiety Inventory and Decision Regret Scale.
Introduction
Population carrier screening refers to testing for carrier status in individuals who are not at increased risk of being a carrier as a result of a family history of carrier status or of the condition. The primary aim of population carrier screening is to identify couples at high risk of having children affected by genetic conditions and thus to enable them choices in relation to reproductive options (Gason et al. 2003) .
Human Genetics Societies have developed policies and guidelines for the effective implementation of genetic screening programs within communities (Aymc et al. 2000) . These guidelines emphasize the need for appropriate and effective education and counseling to promote individual autonomy in informed decision making through awareness of benefits, harms, and alternatives.
Tay-Sachs disease (TSD) is the prototype condition for population carrier screening as it was the first recessive disease for which carrier screening was offered (Kaback et al. 1974) . TSD is a severe, life shortening, autosomal recessive disease for which there is currently no treatment that has been shown to prolong survival (Desnick and Kaback 2001) . It is rare in the general population, but most common among Ashkenazi Jewish people, with a carrier frequency of approximately 1 in 28 and a disease incidence of 1 in 3,100 live births. TSD is caused by mutations in HEXA, which disrupt the production of hexosaminidase α-chain isoenzyme. Three common mutations account for more than 99 % of all mutations in the Ashkenazi Jewish community (Bach et al. 2001) .
TSD screening was first introduced in the United States in 1971 and similar programs have been implemented in other countries where there are large Ashkenazi Jewish populations. TSD carrier screening programs have been associated with relatively high uptake and have resulted in a greater than 90 % reduction in the incidence of the disease in communities where screening is offered (Kaback 2000) .
Evaluations of population carrier screening programs are important to assess their impact and identify areas for improvement. Uptake rates are important for a program's continuation and are also of practical use to determine the cost-effectiveness of programs. Decline in incidence of the disease is another common measure of a successful program . However, because of the value of ensuring informed choice, other factors need to be considered, including knowledge, reasons for accepting or declining testing, attitude toward testing, and acceptability of the program (Ayme et al. 2000) .
TSD carrier screening programs have been implemented in Jewish high schools in Canada and Australia. The screening program offered in Montreal high schools demonstrated high uptake, high knowledge levels, and positive attitudes towards screening, and a 20-year follow-up study showed that most carriers remembered their status, were not stigmatized, and used the genetic information for reproductive purposes (Mitchell et al. 1996) .
Screening in high school allows access to a large numbers of students, promotes informed choice through education, and provides timely results for reproductive planning. High school carrier screening carried out in the Jewish community is associated with higher uptake than state-funded screening programs targeted towards adults (Ross 2006) . However, some have questioned the appropriateness of offering screening in high schools. Concerns relate to autonomy, potential harm to minors, and the impact of peer pressure (Frumkin and Zlotogora 2008) .
High school screening for TSD in Australia began in Sydney in 1995 (Barlow-Stewart et al. 2003) and in Melbourne, in 1997. An evaluation of the Melbourne program was conducted from 1998 to 2000, during which time, testing was performed using a blood sample. The average uptake of testing was 67 % and the main reason for students to have TSD carrier screening was to use carrier status for future reproductive decision making (Gason et al. 2003) . This study reported high knowledge levels and positive attitude towards screening. From 2003, screening was by cheek scrape and testing for the three HEXA mutations that are most common in the Ashkenazi Jewish community.
In 2008, the program was extended to screen for other genetic conditions with carrier frequencies that range from 1 in 25 to 1 in 100 in the Ashkenazi Jewish community. These conditions are as follows: Canavan disease, Niemann-Pick Disease type A, Fanconi anemia, Bloom syndrome, familial dysautonomia, and cystic fibrosis (Delatycki 2008) . Ioannou et al. (2010) evaluated the current program and compared the results with an evaluation of the program when screening was only offered for TSD (Gason et al. 2003) . Notably, knowledge level decreased and predicted negative feelings about being a carrier increased in the expanded screening program compared to when screening was offered for TSD alone. Despite this, the authors concluded that the expanded screening program is effective with high uptake, low predicted negative feelings, and high knowledge levels as compared to adult screening programs.
Several studies have demonstrated the acceptability of TSD carrier screening in many settings, indicating a favorable attitude towards screening (Childs et al. 1976; Clow and Scriver 1977) . However, further research is needed, with specific focus on the long-term outcomes of school-based screening such as that reported for the Montreal TSD school-based carrier screening program (Mitchell et al. 1996) .
The aim of the current study was to assess the outcomes of the Melbourne TSD school carrier screening program among those who had testing more than 5 years ago (and therefore, only had testing for TSD). The outcomes assessed were as follows: the long-term psychological impact of TSD carrier testing in high school (anxiety, regret about the decision to have testing, and the impact of finding out positive carrier status); long-term knowledge of TSD and memory of carrier status; and use of the test result and retrospective opinion and satisfaction about the timing and setting of screening. The study also aimed to identify areas in which the high school screening program could improve.
Materials and methods

Participants
The TSD carrier screening program is offered to students in the second last year of high school at six Jewish high schools in Victoria, Australia, where most students are 16 years of age at the time of screening. The target population for this study was individuals who had carrier screening for TSD alone at high school between 1999 and 2005. All carriers identified through the program were invited to participate, and for each carrier, two non-carriers from the same school who were also screened in the program were sent a letter of invitation to participate.
Questionnaire
The questionnaire, which can be viewed at www.mcri.edu.au/TS, was purposely designed to examine the following areas: demographics, knowledge of TSD and its genetics, experience of carrier screening, attitudes towards the school screening program, memory and utilization of test results, and knowledge and attitudes about screening for other recessive genetic conditions. The knowledge questions were adapted from a validated survey evaluating the school-based TSD genetic screening program in 2003, for the purpose of comparison (Gason et al. 2003) . Participants were asked to answer five questions regarding their knowledge of TSD and genetics. The questions were in multiple choice formats with four options, and questions were scored as correct or incorrect. The total knowledge score out of five was calculated for each student. The anxiety scale used was the short version of the State Trait Anxiety Inventory (STAI) (Marteau and Bekker 1992) . Scores range from 20 to 80 and a higher score indicates greater anxiety. The Decision Regret Scale was included in the questionnaire to measure "distress or remorse" after making the decision to have carrier testing for TSD (Brehaut et al. 2003 ). The Impact of Event Scale assesses current subjective distress, in this instance, regarding being a carrier for TSD. Scores range from 0 to 35, with higher scores indicating more impact. The questionnaires were returned anonymously by mail and coded for carrier status, year of screening, and school.
Data analysis
Data analysis was conducted using SPSS (Windows, version 10.0; SPSS Inc., Chicago, IL, USA). Preliminary descriptive analysis generated frequency data. Statistical significance of between-group comparisons was assessed using chi-square tests of association for categorical variables. Where variables had more than two categories, degrees of freedom are given with the chi-square statistic. To assess statistical significance between groups (carriers and non carriers) of continuous data such as those produced by scales, independent t tests were employed. A p value of <0.05 was considered statistically significant.
Ethics committee approval
This study was approved by the Royal Children's Hospital Human Research Ethics Committee (CA29176).
Results
Response
Questionnaires were distributed to 69 carriers and 138 noncarriers who had TSD screening in high school between 1999 and 2005. Nineteen were returned addressee unknown and four other individuals were identified as being unavailable to complete the questionnaire. Of the remaining 184 questionnaires (62 carriers and 122 non carriers), 54 were completed and returned, giving a response of 24/62 (38.7 %) for carriers, 30/122 (24.6 %) for non-carriers, and an overall response of 54/184 (29.3 %).
Demographic variables
The demographics of respondents are presented in Table 1 . The mean age of participants was 24.0 (SD=2.0) years. For the majority of the participants (89 %), both parents were Ashkenazi Jewish. More than half (56 %) of the participants were single, and the rest were either living with their partner or in a relationship but not living together. Four participants reported having children.
Knowledge
Most respondents still had good knowledge of TSD, with 81.5 % of participants answering at least four out of five questions about TSD correctly (Fig. 1) . A comparison of knowledge scores showed no difference between carriers and non-carriers (χ 2 =2.90, p=0.7). Overall participant responses for each question are shown in Fig. 2 .
Memory of test result
The majority of participants correctly recalled their carrier status. Most carriers reported being carriers (22/24, 92 %) and most non-carriers reported being non-carriers (26/29, 90 %). One participant (a non-carrier) reported being unsure if she had carrier screening for TSD, so did not answer this question. One carrier reported being a non-carrier (tested in 2000); and one carrier (tested in 2001) and three non-carriers (tested from 1999-2001) could not remember their test result. Impact of event scale
Of the 24 carriers, the 22 who remembered their result completed this scale. The minimum score was zero and the maximum score was 17, with a mean score of 1.95 (SD=4.24). A score of 9 or above is considered clinically significant (Smith et al. 2004 ) and two participants scored in this range (10 and 17).
State Trait Anxiety Inventory: 6-item short form
Of the 54 participants, 52 completed the STAI (Table 2 ). The mean score for all participants who completed the STAI was 28.0 (SD=8.4) and the median score was 26.7. There was no difference between carriers (M=29.7, SE=2.0) and noncarriers (M=26.7, SE=1.4) for STAI scores (t(50)=1.2, p=0.2). Of the 52 participants who completed the scale, one carrier (63.3) and one non-carrier (43.3), scored above the clinically significant cut off of 42 (Michie et al. 1996) .
Decision regret scale
Of the 54 participants, 51 completed the Decision Regret Scale (Table 3 ). The mean score for all participants was 5.9 (SD=9.7). The mean score of carriers (M=7.6, SE=2.3) was not significantly different to the mean score of non-carriers (M=4.5, SE=1.6), (t(49)=0.3, p=0.3). Overall, 33/51 (65 %) scored zero (no regret), 16/51 (31 %) scored between 1 and 25 (mild regret), and 2/51 (4 %), one carrier and one non-carrier, scored above 25 (moderate to strong regret).
Opinion regarding timing and setting of TSD carrier screening Eighty-eight percent of carriers and 79 % of non-carriers reported that they were happy with the timing and setting of screening. One carrier was not happy with the time of testing; however, the main issue raised was that the result was conveyed the evening prior to an examination and the participant was otherwise satisfied with the program. Two (4 %) carriers and six (11 %) non-carriers could not remember if they were happy with the timing and setting of screening.
Opinion about TSD screening in high school
Forty-seven (87 %) participants remembered being given information about TSD and screening before they had the carrier test. Most participants think that it is best to educate about TSD in high school (96.3 %). All non-carriers and 96 % of carriers thought that carrier screening should be offered in high school (overall 98.1 %). One carrier did not believe that carrier screening should be offered to students at high school, but instead, before being in a relationship. Interestingly, this carrier also reported being happy with the timing and setting of screening.
Use of result: partner carrier testing
Of the 54 participants, 28 reported that they had a partner. Participants were asked if their partner had had carrier screening for TSD (Fig. 3) . Partners of 6/14 carriers and 3/14 noncarriers had screening (χ 2 =1.47, p=0.22). All partners who had had testing were not carriers. Four participants (two carriers) reported having children. The two carriers reported that their partners had been tested and were non-carriers.
Discussion
In this study, the outcome 5-11 years after high school TSD carrier screening was assessed. Those tested retained good knowledge levels, there was no significant difference in anxiety levels between carriers and non-carriers and most remembered their test results.
Knowledge
The questionnaire assessed the level of knowledge that has been retained since the time of testing, as evaluations of population carrier screening programs have found that education plays a critical role in allowing informed decisions and minimizing the possible harms (Frumkin and Zlotogora 2008) .
The knowledge scores in this follow-up study suggest that students who had carrier testing for TSD retain high levels of knowledge about the disease years after having the test. These results are comparable to those of a similar follow-up study in Sydney high schools which found that 74 % of participants retained "good" knowledge of the conditions for which they had genetic carrier testing (Barlow-Stewart et al. 2003) . Interestingly, over one third of participants do not know how many "affected" genes a carrier has, yet most participants understand that both parents need to be carriers to be at risk of having a child affected with TSD and that this risk does not change with each pregnancy.
It has been suggested that carriers probably give more meaning to their positive result and are presumably more motivated to seek additional information on TSD after they have received their result (Zeesman et al. 1984 ). In the Barlow-Stewart et al. (2003) Sydney follow-up study, 3 to 6 years after testing, carriers were found to have significantly greater knowledge than noncarriers (p=0.013). The current study did not identify a difference in knowledge scores between carriers and non-carriers. It is possible that increased education and awareness in the Jewish school communities as a result of the program's long-term operation has made this topic more relevant and students and their families are more aware of the disease. It is also possible that the participants in this study accessed information about TSD when completing the questionnaire.
Timing and setting of screening
The majority (83 %) of participants in this study reported that they were happy with the timing and setting of screening. In addition, almost all participants thought that it is best to educate about TSD in high school and also offer carrier screening in high school, which provides strength to the case that the high school setting is acceptable for carrier screening programs.
Psychological impact of screening
Carriers were asked to complete the Impact of Event scale to evaluate the impact that finding out they were a carrier for TSD through the screening program has had on their lives (Horowitz et al. 1979) . The carriers have a mean score of 1.95, which is below the cut off of 9, which is considered clinically significant (Smith et al. 2004 ) and similar to the mean score observed in a non-clinical population (male, M=2.5, SD=3.0; female: M=6.1, SD=5.3). Fig. 3 Comparison of carriers and non-carriers responses to the question "Has your partner had carrier testing?"
All participants completed the Spielberger STAI and the Decision Regret Scale. The mean score of the STAI was 28, which is below the clinically significant cut off of 42. One carrier and one non-carrier scored above this cut off. Students are expected to experience some anxiety upon being found to be a carrier (Gason, et al. 2003) ; however, no difference in anxiety levels between carriers and non-carriers was observed in this study. This is comparable to observations from the Montreal program which found that carriers were more worried than non-carriers about the initial report of their test but their concern dissipated with time (Zeesman et al. 1984) . The Decision Regret Scale asked participants to reflect on their decision to have carrier testing for TSD, and the mean decision regret score was 5.9 out of a possible 100 (higher scores indicate greater regret) (Brehaut et al. 2003) . These results indicate that students who decide to have carrier testing for TSD during high school do not regret their decision and there was no difference in regret scores between carriers and noncarriers. The low levels of regret and anxiety experienced by these participants suggests that high school students are able to make autonomous informed decisions about TSD carrier screening and that concerns about the potential harms of offering genetic tests during high school are unwarranted.
Memory of test result
The majority of participants (88 %) in this study correctly remembered their test result; however, one individual who was found to be a carrier incorrectly reported being a noncarrier. These results are comparable to the 8-year follow-up study of students from Montreal in which 90.0 % of respondents correctly remembered their result, and one carrier also reported being a non-carrier (Zeesman et al. 1984 ). Other follow-up studies have observed that all participants correctly reported their test result (Barlow-Stewart et al. 2003; Mitchell et al. 1996) . While the high percentage of carriers remembering their result is pleasing, the fact that two carriers did not remember their result when considerable effort to reinforce the result with telephone genetic counseling and a letter is some cause for concern. These two individuals were tested in 2000 and 2001 (9 and 10 years, respectively, before this study) and so the considerable length of time may account for this. The non-carriers who could not remember their result were tested between 1999 and 2001. Individuals who have been tested are able to contact the screening program coordinator at any time to be reminded of their carrier status. As a result of this issue arising from this study, we now offer carriers the option of their result being sent to their general practitioner.
Partner testing
A common reason for deciding to have carrier testing is for a person to know their carrier status to use for future reproductive decision making (Gason et al. 2003; Ioannou et al. 2010) . About half of the participants in the current study had partners, and half of those with partners were TSD carriers. Although not statistically significant, more carriers (n=6/14) reported that their partner had had testing for carrier status than noncarriers (n=3/14), which may suggest that partners of carriers are informed about the partner's carrier status and have made the decision to have testing. It is possible that some partners were also tested through the high school screening program. Of the four participants who had children, two were carriers and reported that their partners had been tested and were noncarriers, indicating that they were informed about their reproductive risk for TSD as a couple prior to having children. There were no "carrier couples"-that is, couples in which both are carriers of a mutation for TSD-so it is not possible to comment on how carrier couples use the information for reproductive purposes. However, more non-carriers than carriers reported being "unsure" whether their partner had had carrier testing. These responses suggest that carriers are aware of their status and are more likely to discuss TSD and carrier status with their partners than non-carriers, who are at very low risk of having a child with TSD based on their negative result in the screening program.
In a 20-year follow-up study of the Montreal high school TSD screening program, Mitchell et al. (1996) reported that the information gained from the program was used by carriers later in their lives. Since the introduction of the program, there has been a transition in the rationale for seeking prenatal diagnosis, from those with an affected individual in the family, to those who discovered their carrier status in the screening program.
Study limitations
The main limitation of this study was the low response (29.4 %), which is likely due to the length of time since testing and potential for students to have moved from their family home. As a result of the response rate, the findings may not be representative and hence not generalizable to all of the students screened in the Melbourne high school screening program between 1999 and 2005. It is possible that those who returned the questionnaire were more likely to correctly remember their carrier status, have better knowledge of TSD, and experience less regret and anxiety in relation to the testing than those whose questionnaires were not returned.
Practice implications
Genetic counselors and trainee genetic counselors play an important role in the ongoing development and management of the TSD high school screening program. The program is organized and facilitated by genetic counselors. In addition to a group education session, all students receive individual genetic counseling before they have testing as an essential part of the current population screening program. Genetic counselors are trained to provide genetic information, assist in the decision making process about whether to have genetic testing, and offer support (Resta et al. 2006) . The provision of genetic counseling offers each student the opportunity to ask questions, raise concerns, and further promotes informed decision making.
A small number of parents have expressed concerns about the potential psychological impacts of genetic testing on their adolescent children. This study provides evidence that genetic carrier testing for TSD in adolescence through the Melbourne high school screening program does not result in long-term harmful psychological impacts or high levels of anxiety. This evidence can be used by genetic counselors to inform and reassure concerned parents about the likely outcome of genetic testing for TSD, and it supports the continued offering of TSD screening in Melbourne high schools.
Research recommendations
As education plays a critical role in allowing informed decisions and minimizing the possible harms of genetic testing, it would be valuable to perform a long-term assessment of students' knowledge after having screening through the current multi-disease screening program in Melbourne high schools. It would also be valuable to conduct a long-term study exploring people's experiences of the multi-disease screening program currently being offered to students attending Jewish high schools in Melbourne.
Conclusions
In conclusion, the majority of participants correctly remembered their carrier status, most participants still had good knowledge of TSD and there was no evidence of a difference in knowledge levels between carriers and non-carriers. There was no evidence of any long-term negative psychological impact of the screening program and the majority of participants did not regret their decision to have carrier screening for TSD in high school. Most participants were happy with the timing and setting of screening and most participants thought that education and screening for TSD should be offered during high school. We did not identify major changes to improve the program other than offering to inform the carrier's general practitioner of their status. The results of this long-term evaluation study support the offering of TSD screening in high schools and may be useful in the implementation of high school carrier screening programs for other autosomal and X-linked recessive conditions.
